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Preface
The U.S. government has decreed that for the next few years coal wi l l  become a major
energy source to br idge the gap f  rom fossi l  f  uels to other sources of energy. This wi l l  have a
signif icant impact on Kentucky, s ince i t  is one of several  states that has an abundance of coal.
The min ing  and use o f  coa l  w i l l  requ i re  many dec is ions ,  some o f  them vo t ing  dec is ions
by the publ ic.  These decisions wi l l  d irect ly affect the l ives of al l  Americans.
Th is  pub l i ca t ion  is  the  four th  in  a  12-par t  energy  resource  ser ies  des igned fo r  the  adu l t
and s tudent  w i th  a  ser ious  in te res t  in  the  energy  s i tua t ion .  Each pub l ica t ion  examines  a
dif ferent energy source with considerat ion given to the advantages and disadvantages
associated with i ts use.
When necessary, diagrams and/or tables are used to clar i fy or elaborate upon informa-
t ion  found in  the  tex t .  Quest ions  w i th  answers  are  inc luded a t  the  end o f  each pub l ica t ion  so
that you can test what you have learned.
The author wishes to thank Larry Wel ls and Linda Bach of the Department of Agricul tural
Engineering, Universi ty of Kentucky, for reviewing the text.
The Energy Resource Series for Youth and Adult  Energy Programs includes the fol lowing
pub l ica t ions :
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Energy Resource Series for Youth
and Adult Energy Programs
4. Coal
The Origin of Coal
Coal  i s  very  c lose  k in  to  the  o ther  foss i l  fue ls ,  o i l
and  gas .  l f  a  chunk  o f  coa l  i s  examined w i th  a
power fu l  magn i fy ing  g lass  you w i l l  no t ice  a  lo t  o f
red  and go ld  co lo r .  The marks  o f  p lan ts  can be
p la in ly  seen on  many p ieces .  The impr in t  o f  p lan ts
and somet imes o f  an ima l  ske le tons  ind ica tes  to
ski l led scient ists how coal was formed.
Facts uncovered by scient ists seem to indicate
tha t  coa l  was  be ing  fo rmed as  many as  250 mi l l ion
years  ago.  Pr io r  to  tha t  t ime,  cond i t ions  on  the  ear th
caused t remendous growth  o f  g ian t ,  lea f  type
p lan ts .  Some o f  these grew to  he igh ts  o f  hundreds
of  fee t  and were  ex t remely  dense.  Eventua l l y  th is
lush growth died, became matted down, and rotted.
On the matted down layer new growths would
emerge. The rotted, compacted layer is cal led peat
and resembles a piece of part ial ly decayed wood.
Geologists est imate that vast areas of this type
of growth became covered by many feet of  swamp-
l i ke  ear th .  Upheava ls ,  p robab ly  caused by  ear th -
quakes ,  pu t  g rea t  p ressure  on  the  peat  and a t  the
same t ime sealed i t  t ight ly and preserved i t  in layers
much l i ke  we preserve  food in  sea led  ja rs  and cans .
Geo log is ts  es t imate  tha t  8  to  10  fee t  o f  lush  p lan t
growth were compressed into 1 foot of  peat.
The dead p lan ts  wh ich  fo rm th is  layer  o f  peat
took  carbon f rom the  a i r  wh i le  they  were  l i v ing ,
us ing  energy  f rom sun l igh t  in  a  p rocess  tha t  i s
ca l led  photosynthes is  to  bu i ld  the i r  p lan t  t i ssues
(see AEES-29,  Wood) .  l t  i s  a t  th is  po in t  tha t  the
ex terna l  energy  source ,  sun l igh t ,  ra ised  the  chemi -
ca l  energy  in  the  p lan t  t i ssues  to  a  h igher  leve l .
When the plants died and were preserved by being
sea led ,  the  energy  remained.  Man can now d ig  them
and u t i l i ze  the  remains  as  fue l  by  re leas ing  the  pent
up  energy  th rough the  process  o f  fas t  ox ida t ion
commonly  ca l led  burn ing .
When the  decayed p lan ts  were  t igh t ly  squeezed
by the  pressure  o f  the  grea t  amount  o f  ear th  above,
la rge  amounts  o f  oxygen and hydrogen were  dr iven
out,  but the carbon remained. (The process of decay
or  decompos i t ion  is  caused by  l i v ing  bac ter ia l
o rgan isms wh ich  g ive  o f f  oxygen and hydrogen
gases . )  Thus ,  what  we ca l l  coa l  has  been fo rmed
from the peat mater ial .  Coal has no f ixed chemical
fo rmula  bu t  i s  ca l led  a  hydrocarbon foss i l  fue l
because i t  contains large quant i t ies of carbon in
chemica l  combina t ion  w i th  hydrogen and because
i t  came f rom l i v ing  p lan ts .
Coal Classification
Geolog is ts  ac tua l l y  c lass i fy  coa l  as  a  sed imen-
tary rock because i t  was formed from some of the
same processes  used in  fo rming  sed imentary  rock .
Sc ien t is ts  have d iv ided coa l  in to  two main
c lasses ,  an thrac i te  o r  hard  coa l  and b i tuminous  or
so f t  coa l .  Ev ident ly ,  an thrac i te  was fo rmed under
h igher  p ressure  wh ich  fo rced ou t  more  o f  the
moisture and gases. Anthraci te makes up a very
smal l  percentage o f  the  ear th 's  supp ly  o f  coa l
( F i g u r e  1 ) .  S c i e n t i s t s  f  u r t h e r  d i v i d e  t h e  b i t u m i n o u s
coal into two parts;  one is much softer than the other
and is  ca l led  sub-b i tuminous .  l t has  less  heat  va lue
per  pound and usua l ly  con ta ins  more  unwanted
minera ls  tha t  cause t roub le  when burn ing .  The
known reserves of the two soft  coal types are about
equa l  in  amount .  The fo l low ing  paragraphs  um-
marize the classi f  icat ions of coal.
Fig .  1 . -Th is  map shows the  known depos i ts  o f  the  var ious
c lasses  o f  coa l  in  the  cont inenta l  Un i ted  Sta tes .  The la rqe
depos i ts  in  A laska are  no t  shown.
Anthraci te-This coal usual ly is found deeper in the
earth than the others. This is reasonable since
greater pressure lef t  i t  wi th the higher carbon
content.  l t  is very sparse in the United States. l t  is
such a good fuel that when burned i t  produces
a lmost  no  smoke.  l t  usua l l y  se l l s  fo r  a  much h igher
pr ice per pound than other coal.  Nevertheless, i ts
heat ing  ab i l i t y  i s  a lmost  the  same as  the  be t te r
grades  o f  b i tuminous .
Bituminous-This is the most economical ly impor-
tant type of coal because of i ts abundance and good
burning character ist ics.  l t  is the fuel  used to f i re
large electr ic generat ing plants.  Other important
indus t r ia l  uses  are  fo r  coke in  s tee l  p roduc t ion  and
as a  raw mater ia l  fo r  many chemica ls .  l t  i s  the  fue l
fo r  bu i ld ings  or  homes heated  w i th  coa l .
Sub-bi tuminous-The major d i f ference f rom regu-
la r  b i tuminous  coa l  i s  tha t  i t  con ta ins  much more
moisture, and thus does not burn as readi ly.
Gannel-This type of coal is formed from seeds of
plants rather than the t issue parts.  This f  uel  may be
started readi ly by a match.
Other lypes-Al l  these addit ional c lasses contain
more moisture than those previously mentioned.
Brown and l ign i te  conta in  about  50  percent  mo is -
ture, Peat contains about 90 percent moisture, and
the signs of plants can readi ly be seen on many
large  lumps.
I t  i s  c la imed tha t  the  wor ld 's  on ly  canne l  coa l
mine  is  loca ted  in  Hancock  County ,  Kentucky .  The
owners theorize that this special  coal was formed
250 mi l l ion  years  ago f rom seeds,  nu t  she l l s  and
spores that f  loated and sett led in low spots and then
were covered. The coal is packaged and sold mainly
as a good f i replace fuel .
Most coal deposits in the United States are in
layers cal led beds. These can vary in thickness f rom
less than 1 foot to hundreds of feet.  The average
thickness is around 10 feet.  These layers can be
quite extensive in area, covering parts of several
states or relat ively smal l  areas through hi l ls,  where
the coal bed is exposed al l  around the edge. Geolo-
gists agree that at  one t ime, in these hi l ly areas,
there was a cont inuous bed of coal over a vast area.
Through the ages, erosion has cut val leys between
the  h i l l s  tha t  a re  now s tand ing .  Th is  e ros ion  took
away a  la rge  por t ion  o f  the  or ig ina l  coa l  (F igure  2) .
These layers may run at var ious slopes or have a
wavy pattern. Geologists must use core dr i l l ing to
determine the distance to the bed of coal and the
thickness of i t .  By this method they also determine
the outer edge of the bed of coal.  After the bed of
coa l  i s  mapped ex tens ive ly ,  m in ing  eng ineers
determine the best methods of extract ion.
F igure  1  shows the  loca t ion  o f  the  th ree  main
types of coal found in the United States. Note that
both East and West Kentucky have large areas of
coal deposits,  ampl i fy ing the importance of coal to
Kentucky.
Dur ing  the  f i rs t  ha l f  o f  1976,  Kentucky  led  the
nat ion  in  coa l  p roduc t ion ,  w i th  West  V i rg in ia  a  c lose
second. Data from the United States Bureau of
Mines  showed tha t  Kentucky  mined 26  mi l l ion  tons
in  the  West  and 16  mi l l ion  in  the  Eas t ,  fo r  a  to ta l  o f  42
mi l l ion  tons .  WestV i rg in ia  mined a to ta lo f  40  mi l l ion
tons  dur ing  th is  per iod .
Fig, 2.-A cross section of rough hi l ly country. The cross hatched
part indicates a layer of coal across each hi l l .  Thousands ofyears
ago th is  layer  was probab ly  cont inuous  and covered by  much
more  ear th .  Eros ion  f rom ra in  and w ind ,  th rough the  many
centuries, has eaten away the earth and coal unti l  only this
remains.
Mining Methods
The mechanics of extract ing coal f rom the
ground can be divided into two methods-surface
min ing  and deep min ing .
Surface Mining
The surface method usual ly proves to be the
most eff  ic ient i f  a bed of coal l ies relat ively f  lat  and is
covered by a rat io of 40:1 or less of earth to coal
thickness. In pract ice, the economics indicate that 1
foot of  coal thickness can pay for the removal of  40
feet of earth above i t .  Likewise a 10-foot thickness
could have 400 feet of  earth, and the surface
opera t ion  s t i l l  cou ld  be  economica l l y  feas ib le .  The
earth and rock that cover the coal are referred to as
overburden. The advent of giant earth moving ma-
ch ines  has  made sur face  min ing  o f  th is  coa l
possible.
Figure 3 indicates one way these very large
earth moving machines do their  job of uncovering a
bed or layer of coal (A).  The machine scoops out a
d i tch  down to  the  sur face  o f  the  coa l ,  p i l ing  the
overburden (B)  h igh  to  one s ide  in  what  i s  ca i led  a
s p o i l  b a n k  ( C ) .  S i m i l a r  b u t  s m a l l e r  m a c h i n e s  t h e n
dig the exposed coal and haul i t  away. This di tch can
ex tend fo r  many mi les  depend ing  on  the  s ize  o f  the
area of the coal layer.  Next,  the large machine
moves in  the  oppos i te  d i rec t ion ,  d igg ing  a  d i tch  (D)
down to the surface of the coal adjacent to the f i rst
pass .  Overburden f rom th is  second pass  is  dumped
in the di tch made by the f i rst  t r ip across the area.
Usua l ly  dur ing  the  second and succeed ing  passes  a
wider  d i tch  can be  dug s ince  the  overburden does
not  have to  be  p i led  so  h igh .  Us ing  th is  method,  a l l
coal is removed from the bed.
Fig .  3 . -Th is  d iagram is  a  c ross  sec t ion  o f  a  sur face  min ing
opera t ion  showing a  very  la rge  ear th  mov ing  shove l  d igg ing
away the overburden that covers the laver of coal.
This system of coal removal wi l l  work even
when the surface of the land is rather rough and
ro l l ing  and when the  layer  o f  coa l  s lan ts  and ro l l s
sl ight ly.  Surveying crews take data from core dr i l ls
and de termine the  bes t  pa th  the  mach ine  shou ld
take. Fortunately,  most of the coal beds in the
Uni ted  Sta tes  l ie  in  fa i r l y  leve l  layers  mak ing  a l l
sys tems o f  sur face  min ing  s imp ler .
After al l  the coal has been removed from the
bed the surface is rbugh where the large machine
has p i led  the  overburden.  Smal le r  land  leve l ing
mach ines ,  s im i la r  to  those used in  road bu i ld ing ,
beg in  reshap ing  the  sur face  to  spec i f i ca t ions
determined before any digging was started. Last of
a l l ,  fa rm type equ ipment  comes to  the  area ,  deve l -
ops a seed bed, and seeds the surface. Many t imes
the  f in ished sur face  is  in  much be t te r  shape fo r
potent ial  product ion or use than before mining
began.  Th is  rec lamat ion  or  res to ra t ion  o f  the  land is
the  f ina l  s tep  in  sur face  min ing .
Deep Mining
Room and Pil lar Method
When the layer of coal is too far beneath the
earth's surface to be mined eff  ic ieni ly by large, earth
mov ing  equ ipment ,  underground methods  must  be
employed.  The method commonly  used today  in  the
Uni ted  Sta tes  is  ca l led  " room and p i l la r "  m in ino
(F igure  4) .
First ,  two or more shafts are dug straight down
to  the  coa l  layer ;  one is  fo r  mov ing  men up and down
(F) ,  wh i le  the  o thers  a re  used fo r  ven t i la t ion  (G)  and
l i f t ing  coa l  (D) .  A i r  i s  exhausted  by  la rge  fans  a t  the
top  o f  the  e leva tor  shaf ts  (D,F) .  Spread ing  ou t
th rough the  coa l  layer  f rom the  base o f  the  coa l  l i f t
sha f t  i s  a  ser ies  o f  ma in  and c ross  tunne ls  as
complex as any ci ty street system.
Fig .  4 . -Th is  d iagram dep ic ts  the  deep or  underground min ing
opera t ron .
At  the  end o f  these tunne ls  a re  the  min ing
mach ines .  The min ing  mach ine  (A)  i s  usua l ly  very
low so  tha t  i t  can  move in  tunne ls  no t  over  4  fee t
h igh .  On i t s  f  ron t  i s  a  la rge ,  hor izon ta l  ro ta t ing  drum
covered with sharp, tough, steel teeth. This toothed
drum can be raised and lowered so that i t  can reach
the face of the coal f  rom the f  loor level to several  feet
h igh .  Ex tens ions  can be  pu t  on  so  tha t  i t  can  reach
the top of very thick layers of coal.  Teeth on the
drum tear  loose smal l  chunks  o f  coa l  tha t  fa l l  to  a
conveyor (B) near the f loor.
The conveyor  p icks  up  the  f resh ly  mined coa l
from the f loor,  carr ies i t  backwards several  feet
beh ind  the  mach ine  and dumps i t  in to  rubber  t i red
shutt le cars (C).  Several  of  these cars are hooked
together and pul led by a battery-powered engine.
They  make the i r  way  th rough the  main  tunne l
system to the coal l i f t  shaft  where the coal is
dumped in to  an  e leva tor  (D)  and l i f ted  to  the
surface. There, i t  is washed, sorted and loaded in the
t ipp le  (E) .  Whi le  these shut t le  cars  a re  away f  rom the
min ing  mach ine ,  o thers  a re  be ing  loaded so  tha t  a
fa i r l y  cons tan t  f low o f  coa l  i s  ma in ta ined f  rom the
face of the surface. For this reason the word con-
t inuous  has  been g iven to  th is  type  o f  min ing
mach ine .
Tunne ls  a re  made in  the  layer  o f  coa l  para l le l  to
each other,  al l  the way to the outer edges of the
layer.  They are far enough apart  so that the coal
I
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lef t  between can support  the earth and rock over-
head. Other tunnels can be run across these, at r ight
ang les ,  and the  remain ing  coa l  i s  s im i la r to  p i l la rs  o r
co lumns ho ld ing  up  the  ce i l ing  o f  a  la rge  room.
Hence the  name " room and p i l la r "  i s  used fo r  th is
sys tem o f  underground min ing .  l f  these p i l la rs
remain in posit ion to prevent surface cave-in,  about
ha l f  the  or ig ina l  coa l  in  the  layer  w i l l  be  le f t  to
support  the mine roof.
l f  the engineers and surveyors determine that i t
is safe, i t  is possible under certain condit ions to
remove some or  a l l  o f  the  p i l la rs  as  the  miners
"retreat."  This means that af ter the tunnels have
reached the outer extremit ies of a bed of coal,  or i t  is
not economical ly feasible to push them any f  urther,
a l l  equ ipment  i s  g radua l ly  b rought  back  toward  the
main  shaf ts .  Dur ing  th is  move some or  a l l  o f  the
p i l la rs  can be  sys temat ica l l y  dug ou t  a l low ing  the
mine roof to cave in.  Eighty to 90 percent of the coal
can be removed in this manner.
Long Wall  Method
Another,  more expensive, system has been
developed to el iminate the great loss of leaving
p i l la rs  in  p lace .  l t  i s  ca l led  the  " long wa l l "  method.  In
us ing  th is  method a  long s t ra igh t  unne l  i s  cu t  ou t
in to  the  layer .  Th is  tunne l  i s  then moved s ideways
le t t ing  the  roo f  cave in  on  the  prev ious ly  dug tunne l .
When the  f  i r s t  tunne l  i s  cu t ,  hydrau l i c  roo f  suppor ts
are placed very close together to support  this roof.
Then a  long conveyor  be l t  i s  se t  up  on  the  f  loor  nex t
to  one s ide  o f  the  tunne l  o r  on  the  s ide  in  the
d i rec t ion  they  want  to  move.  A  shear ing  mach ine
moves a long the  tunne l  s ide  cu t t ing  the  coa l  loose
and le t t ing  i t  fa l l  on to  the  conveyor  be l t .  The
conveyor belt  moves the coal to shutt le cars and
then up the elevator to the surface. After a few
inches have been sheared off  the wal l  the conveyor
belt  is moved sideways up against the wal l  of  coal.
A f te r the  tunne l  has  moved 10  to  12  fee t  s ideways  a
new row o f  hydrau l i c  suppor ts  i s  pu t  in  p lace  near
the belt .  The previous row is remotely lowered and
slowly moved near the new ones.
After several  moves the roof caves in behind,
bu t thework ing  area ,by  the face ,  i s  kep tsa fe  by the
hydrau l i c  suppor ts .  Us ing  th is  method a l l the  coa l  in
the bed is removed, compared to about one-half
us ing  the  " room and p i l la r "  method.  The cos t  o f
equ ipment  in  the  " long wa l l "  method is  much
greater ,  about  th ree  t imes,  due main ly  to  the
soph is t i ca ted  hydrau l i c  suppor ts  wh ich  can be
remote ly  cont ro l led .  Get t ing  a l l  the  coa l  goes  a  long
way toward making this system feasible.
Other Methods
Other methods of reaching the deeply buried
bed of coal may be ut i l ized rather than the vert ical
shafts but these depend upon the terrain and what
engineers and surveyors determine as the most
economical method. Sometimes sloping shafts or
dr i f t  shafts are used to get to the layer of coal.  These
are shown in Figures 5 and 6.
Flg .  5 . -A  d iagram i l lus t ra t ing  a dr i f t  m ine .  Many t imes the  edge
of  a  bed o f  coa lcomes ou t  on  the  s ide  o f  a  h i l l .  l t  i s  eas ie r to  en ter
the  layer  o l  coa l  a t  th is  po in t  than to  d ig  and opera te  th rough
vert ical shafts and proceed with the same equipment as an
underground mine.  Severa l  smal l  ho les  must  be  bored f rom the
surface for air inlets for the venti lat ion system. Large exhaust
fans  wou ld  be  loca ted  near  the  t ipp le  bu i ld ing  a t  the  r igh t  hand
edge of the drawing.
F ig .  6 . -Th is  d iagram i l lus t ra tes  a s lop ing  mine  opera t ion .  The
name comes f rom the  s lop ing  tunne l  dug to  the  coa l  bed f rom the
c loses t  po in t  on  the  sur face .  The shut t le  coa l  cars  can c l imb th is
gent le  s lope,  e l im ina t ing  the  need fo r  ver t i ca l  e leva tors .  Th is
ooera t ion  is  s im i la r  to  the  dr i f t  m ine .
Somet imes coa l  i s  found in  mu l t ip le  layers .  Th is
indicates that there were several  prehistor ic t ime
per iods  when ex t remely  lush  growths  o f  g ian t  t ree-
l ike plants took place and were buried by upheaval
of the earth's crust.  The vert ical  shaft  system simply
penetrates through these layers and the elevators
and equipment serve al l  levels for the purpose of
l i f t ing  the  coa l ,  and a l low ing  workers  access  and
vent i la t ion .
CoalAuger  Method
One o ther  type  o f  min ing  opera t ion  used in
eas tern  Kentucky  is  the  coa l  auger .  l t  i s  use fu l  in
areas  where  a  h i l l  has  a  layer  o f  coa l  across  i t ,  and
the  ou ter  edge o f  the  layer  i s  exposed around a l l  o r
most  o f  the  h i l l .  Th is  wou ld  be  s imi la r  to  the  c ross
sec t ion  shown in  F igure  2 .  A  bench,  tha t  i s ,  f la t  p lace
is  cu t  a round the  h i l l  w i th  a  bu l ldozer .  The la rge
auger  d r iv ing  mach ine  is  p laced on  th is  leve l  bench.
The g ian t  s tee l  b lades  o f  the  auger  look  very  much
l ike  a  g ra in  conveyor  o r  l i ke  a  wood b i t .  These coa l
augers can be about 6 feet in diameter.  They are
mounted in  pa i rs ,  ro ta t ing  in  oppos i te  d i rec t ions
and can be side by side or one above the other.  The
d isadvantage o f  th is  type  o f  equ ipment  i s  tha t  a
max imum d is tance o f  d r i l l i ng  in to  the  layer  i s  about
300 fee t .  There fore ,  th is  equ ipment  i s  used in
spec ia l  p laces  such as  smal l  h i l l s  where  the  auger
can reach near ly  a l l  the  way th rough the  layer  o r  d r i l l
into the layer from al l  around the outside edge.
In actual pract ice this method is used very l i t t le
because there are very few places where i t  can be
used to  an  advantage.  When i t  can  be  used i t
removes only 75 percent of the coal f rom a layer
because the  25  percent  remain ing  must  keep the
overburden f rom cav ing  in .  Otherw ise  the  augers
wou ld  be  remov ing  on ly  d i r t .
The one b ig  advantage th is  method has  over
underground methods  is  tha t  no  miners  have to
work  underground.
Underground Mine Safety
A cr i t i ca l  s i tua t ion  in  underground mines  is
water  d ra inage.  S ince  the  ear th 's  c rus t  con ta ins
qu i te  a  lo t  o f  water  th is  must  be  contended w i th  in  a l l
m ines .  Usua l ly  a t  a l l  low po in ts  in  the  tunne l  sys tem
a sump is  a r ranged to  co l lec t  the  dra inage.  A  pump
near  th is  sump pushes the  water  to  the  sur face
where  i t  i s  su i tab ly  d isposed o f .
Al l  coal beds contain quite a lot  of  t rapped
gases which were by-products of microbial  de-
compos i t ion  o f  the  dead p lan ts .  When a  coa l  layer  i s
be ing  dug in to ,  these gases  are  re leased in to  the
tunne ls .  Adequate  vent i la t ion  a t  the  face  o f  the  coa l
where  cu t t ing  and dr i l l i ng  i s  tak ing  p lace  is  impera-
t i ve .  Somet imes eng ineers  may de termine tha t  an
over-concentrat ion of combust ible gases is safer
and more  economica l  than excess  vent i la t ion  a i r
such as  in  long s ing le  tunne ls .  There  is  no  danger  o f
exp los ions  in  over -concent ra t ion ,  bu t  humans have
to  wear  oxygen equ ipment  wh ich  is  uncomfor tab le
and somewhat  inconven ien t .  Most  o f  the  t ime ade-
quate  vent i la t ion  can be  des igned in to  the  mine .
Three th ings  wh ich  occupy  much o f  the  p lan-
n ing  and management  ime o f  the  underground
mine safety engineers are roof strength, water
removal,  and adequate vent i lat ion.
The Tipple
Coal ,  as  i t  leaves  the  mine ,  i s  ca l led  mine- run
coa l .  Usua l ly  i t  i s  de l i vered  immedia te ly  to  a  t ipp le .
Th is  i s  ac tua l l y  a  c lean ing ,  sor t ing  and load ing
bui lding. The name comes from the process of
unloading by t ipping; the shutt le cars do this when
they come up out of a mine.
Figure 7 is a simpl i f  ied cross-sect ion diagram of
a  t ipp le .  Coa l  f  rom the  mine  is  dumped a t  the  top  o f
the  bu i ld ing  so  tha t  g rav i ty  moves the  coa l  th rough
the necessary steps and arr ives at the bottom in
vehicles ready to move out across the country to
consumers.
Fig .  7 . -A  s imp le  c ross  sec t ion  o f  a  t ipp le  bu i ld ing .  The opera-
t ions  car r ied  ou t  in  th is  bu i ld inq  are  descr ibed in  de ta i l  in  the  tex t .
The t ipple performs a very important funct ion in
the  f low o f  coa l  f rom the  ground to  the  cus tomer .
The func t ions  per fo rmed on the  coa l  w i th in  th is
bu i ld ing  can be  very  s imp le ,  o r  qu i te  complex
depend ing  on  the  type  o f  coa l  and what  the  cus-
tomer needs.
F igure  7  dep ic ts  most  o f  the  bas ic  func t ions  o f  a
t ipple. The mine-run coal arr ives by conveyor belt
(A)  a t  the  top  o f  the  bu i ld ing  where  i t  fa l l s  on to  a
d is t r ibu tor  tha t  a l lows the  coa l  to  be  dropped even ly
on the  sur face  o f  the  water  conta ined in  the  va t  (C) .
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In some cases, people may be stat ioned here to
remove rocks and other large, unwanted mater ial ,
and drop them down a disposal chute.
The coal then is washed. Since coal f  loats.  such
things as smal l  rocks, gravel and stones wi l l  s ink and
thus are separated, with the unwanted mater ials
going to the bottom of the water vat and ending up in
the  re fuse  b in  (H) .  A t  the  same t ime the  coa l  f loa ts
off  to the side and over at (D).  The refuse can be
drained into the holding bin with the water occa-
sional ly being returned to the vat (C),  i f  water is a
scarce i tem at the t ipple si te.
The washed coal arr ives at the upper end of the
s lop ing  s iz ing  screen (E) .  Th is  sc reen v ib ra tes
causing the coal to travel across i t  toward the low
end.  Th is  resu l ts  in  the  smal les t  p ieces  fa l l ing
through and in to  the  f i rs t  co l lec t ing  funne l  (F)  and
down in to  the  ho ld ing  b in  (G)  fo r  tha t  s ize .  A t  any
t ime this mater ial  can be released to fal l  into a
veh ic le  (J ) ,  whether  a  ra i l  car  o r  a  t ruck ,  fo r  de l i very
to  the  consumer .  In  th is  manner the  mine- run  coa l  i s
cleaned and sorted into var ious sizes and held for
del ivery.
ln some cases the customer wi l l  ask for a certain
mix tu re  o f  s izes .  T ipp les  are  usua l ly  equ ipped w i th  a
conveyor under al l  the bin spouts (not shown in
Figure 7) so that certain amounts from any bin can
be added to  cer ta in  amounts  f rom o ther  b ins  and
this mixture dropped into the del ivery vehicle.
Most coal in the United States is transported by
ra i l  car .  The Oh io  and Miss iss ipp i  R ivers  a lso  car ry
mil l ions of tons each year by barge. Coal used by
industry around the Great Lakes region is trans-
ported by ship and barge on the Great Lakes. Some
coal is moved across the country by pipel ine. To do
th is,  f  inely ground coal is mixed with water to form a
s lu r ry  and is  moved th rough the  p ipe  by  pumps.  A t
the  end o f  the  l ine  the  s lu r ry  i s  d r ied  to  remove the
water.  Civi l  engineers at the Universi ty of Kentucky
recent ly have developed new methods for making
pipel ine movement of coal more eff ic ient
Many electr ic power plants are bui l t  near the
mines  so  tha t  la rge  t rucks  can br ing  coa l  f rom the
t ipp le  d i rec t l y  to  the  genera t ing  p lan t .  l t  i s  more
eff ic ient to transport  electr ic i ty over power l ines
than to move the coal.  However.  coal used to heat
bu i ld ings  or  used in  the  s tee land chemica l  indus t ry
must  be  sh ipped v ia  t ruck  or  ra i l .
Most large industr ial  plants,  where coal is an
important ingredient o their  operat ion, store large
quant i t ies for insurance against unforeseen inter-
rup t ion  in  the i r  supp ly  sh ipments .  Most  coa l  i s
simply stockpi led outside and handled by large
mechan ica l  loaders .  Anthrac i te  and b i tuminous
coal needs to be protected by at least a roof and
good surface drainage, or i t  wi l l  deter iorate rapidly
in  va lue .
The fol lowing table gives an overal l  picture of
past and future trends in U.S. coal product ion and
use.
Production and Use of Coal in the United States
Use 1950 1976 1 985
Tons producedl
Electr ic power2
Steel industry
Chemica l  indus t ry
Exports
1,025
68
10
15
7
' ln mil l ions of tons taken lrom U.S. mines for each respecl ive year.
'?As a percent of tons produced for each respective year.
Products and Uses of Coal
Coal can be turned into many useful  products,
possibly many more than one would suspect.  When
raw coal is heated in a closed, oven-l ike chamber i t
gives off  gases. What is lef t  over is cal led coke. Each
ind iv idua l  oven is  usua l ly  about  18  inches  w ide ,  15
to 20 feet high and about 30 feet long. This slot  is
f i l led with coal and heated by gas burners within the
wal ls  o f  the  oven.  A  s ing le  coke p lan t  can  have 10  to
50 such ovens side-by-side. Coke is the basis for
such th ings  as  pa in t ,  phonograph records ,  g raph i te
used in lead penci ls,  lubr icants, electrodes, acety-
lene and bak ing  soda.
Gases formed by heat ing the raw coal can be
condensed by cool ing them. The products of the
f i rst  stages of condensat ion are the tars.  From this
ta r  come produc ts ,  such as  insec t ic ides ,  moth  ba l l s ,
per fume,  su l fa  d rugs ,  asp i r in ,  dyes ,  su l fu r ic  ac id ,
a r t i f i c ia l  s i l k  and some v i tamins .
The next condensat ion stage, known as l ight
oi ls,  provides the basis for nylon, synthet ic rubber,
l ino leum,  dynami te ,  many cosmet ics  and sacchar in ,
an art i f ic ial  sweetener.  The next stage of condensa-
t ion provides the basis for,  many chemicals,  such as
ammonia  used in  fe r t i l i ze rs ,  and a  mi ld  anes the t ic
cal led laughing gas (ni trous oxide or NrO) used by
dent ists and in many plast ics. Final ly,  the gases that
wi l l  not condense are very si  mi lar to natural  gas and
are  used fo r  heat ing  and cook ing  in  homes,  o r  a re
used in the plant to heat the coal.
Th is  i s  on ly  a  par t ia l  i s t ing  bu t  i t  po in ts  ou t  the
extremely valuable contr ibut ion this raw product
makes to our way of l i fe,  in addit ion to serving as a
source of fuel .
480
1 8
22
55
5
6 1 1
63
1 5
1 2
1 0
Today there are many research projects of
major proport ions taking place in industry and
universi t ies in an attempt to break coal down into
various parts and character iqt ics. The impetus be:
hind this search is to f  ind new ways to use coal as a
fuel for heat ing, and a means of using powdered
coal as a fuel  for engines.
Some o f  th is  research  is  s imp ly  renewing on  a
large scale old projects of many years ago when
there was l i t t le need for the answer. The most
fami l ia r  o f  these are  gas i f  i ca t ion  and l iqu i f  i ca t ion  o f
coa l .
Considerable research is being done on ways to
gas i fy  coa l  in  the  ground and br ing  the  gas  to  the
sur face .  Th is  method is  a t t rac t i ve  s ince  i t  e l im ina tes
the  need fo r  miners  to  work  underground.  Th is
method could make i t  possible to recover nearly 100
percent of the coal.
Questions
To st imulate thought and greater understanding of coal energy, answer these quest ions with the best
word(s).  Refer to the mater ial  when necessary.
1 .
2.
3 .
4 .
5 .
6 .
7 .
The coal mined in Kentucky is pr imari ly of  what type?
During the past few years which state has ranked f i rst  in quant i ty of coal mined?
Which type of coal is most abundant in the United States?
Coal,  l ike oi l  and gas, is a fossi l  fuel .  (True or False)
The beginning of coal was the vast growth of green plants.  (True or False)
Geologists actual ly classi fy coal as a sedimentary rock. (True or False)
What method is used by geologists to determine the depth, thickness and outer edges of a bed of coal?
Mining methods can be divided into two major categories, and
What rat io of overburden to coal bed thickness is the economic factor determining which mining
method wi l l  be used?
The reshaping and seeding of the surface of the land fol lowing mining operat ions is cal led
The most common underground or deep mining method used in the United States today is cal led
and
l f  the pi l lars must stay in posit ion what percent of the coal can be removed to the surface?
In  some cases ,  tunne l  cave- in  fo l low ing  min ing  does  no t  hur t  any th ing .  What  percent  o f  coa l  f  rom a  bed
can be removed using this system?
14. The long wal l  method al lows for nearly al l  coal f rom a bed to be mined. (True or False)
8 .
9 .
10 .
11 .
12.
1 3 .
10
15. What is the main resistance to using the long wal l  system?
16. What three things occupy most of the management and operating engineer's t ime?
and
17. Freshly dug coal,  as i t  leaves the mine, is referred to as mine-run coal.  (True or False)
18 .  What  i s  the  purpose o f  a  t ipp le  bu i ld ing?
19. Unwanted mater ial ,  separated from coal in the t ipple is cal led
20. Trucks and barges carry most of the coal in the U.S. (True or False)
21. l t  is impossible to move coal through pipes. (True or False)
22. Why are some electr ic generating plants buil t  near coal f ields?
23. In 1950 what was most of the coal used for?
24. In 1976 what was most of the coal used for?
25. During which of the three t ime periods was the greatest quant i ty of coal exported?
26. Did sunl ight play a part  in the formation of coal? (Yes or No)
27. Liv ing organisms, cal led bacter ia,  added energy to peat which makes coal valuable. (True or False)
28. The process where external energy is added to green plants is cal led
1 1
Answers
1 .  b i tuminous 15.  h igh cost
2. Kentucky 16. drainage, venti lat ion, roof strength
3.  b i tuminous 17.  T
4. T 18. washing, sort ing, loading
5. T 19. refuse
6 .T  20 .  F
7. core dri l l ing 21. F
8. surface and deep 22. easier to move electricity than coal
9. 40:1 23. chemical industry
10. reclamation 24. electr ic power
11.  room and p i l lar  25.  1976
12. 50 percent 26. yes
13. 80 to 90 percent 27. F
14. T 28. photosynthesis
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